Guanabara Bay, located in Rio de Janeiro state. It is surrounded by the second most important metropolitan area of the country. Over recent decades, land disturbance and urbanization in the surrounding area has significantly increased sediment input to the bay and had a negative effect on its overall environmental. This is especially related to high volumes of untreated sewage and industrial effluents. This study evaluates the history of this human impact through detailed examination of a sediment core taken from the northern portion of Guanabara Bay. A geochronology is established using 210 Pb dating and related to organic carbon and heavy metal fluxes to the sediments. This gave a calculated net average sedimentation rate for the core of 0.67 cm.year -1 . The organic carbon and heavy metals flux started to increase at the beginning of the last century and the highest values was observed in the top of the cores.
INTRODUCTION
Estuarine and coastal lagoon sediments provide unique records of the environmental history of a drainage basin, and frequently yield detailed evidence of the changes to catchment dynamics caused by human activities (Arnason and Fletcher 2003 , Di Lauro et al. 2004 , Sanders et al. 2006 . The impacts of anthropogenic changes have greatly accelerated over the last 150 years and have been particularly associated with important transformations in the aquatic environments linked to increased pollution loading resulting from rapid urbanization and the growth of industrial activities (Ip et al. 2004 , Feng et al. 2004 . Amongst the most prominent of these pollutants are heavy and trace metals (hereafter grouped as heavy metals) that show a particular affinity for the fine sediments that characterize many nearshore environments and a propensity for long-term persistence within the sediment record (Li et al. 2001, Arnason and Fletcher 2003) . As a byproduct of this persistence, vertical concentration profiles of heavy metals in estuarine sediment cores have been used increasingly over the last 30 years as a means of understanding environmental change within contributing catchments (Vaalgamaa 2004) . This strategy has been greatly aided by the http://dx.doi.org/10.1590/0001-3765201394612 [1317] [1318] [1319] [1320] [1321] [1322] [1323] [1324] [1325] [1326] [1327] Pb (Marques Jr et al. 2006 ) that have allowed the construction of geochronologies linked to the sedimentation (e.g. Robbins and Edgington 1975 , Oldfield and Appleby 1984 , Sharma et al. 1987 , Simões Filho 1993 , Turner and Delorme 1996 , Godoy et al. 1998 , Di Lauro et al. 2004 , Sanders et al. 2006 . Since the introduction of 210 Pb dating for sediments by Goldberg (1963) it has been widely applied to lakes, estuaries and coastal marine environments as a geochronological tool (Appleby and Oldfield 1992 , Matsumoto 1975 , 1987 , Robbins and Edgington 1975 , Robbins and Herche 1993 , Smith 2001 , Lu and Matsumoto 2005 Pb contribution by factors of 2-20; Cochran 1992). Because of its relatively short half-life, 210 Pb has been shown to be an ideal tracer for dating aquatic sediments deposited during the last 100 years, a period of time during which appreciable environmental changes have occurred due to urbanization and industrialization. However, there has been very little research into recent metal fluxes to the bay. In order to address this gap in knowledge and to estimate the magnitude of heavy metal fluxes to the sediments of Guanabara Bay, the present study aims to assess the fluxes of key metals (Zn, Pb, Cu, Cr and Ni) into Guanabara Bay through an examination of their concentration in a dated sediment core using chemical and 210 Pb analyses. The results will be used to evaluate the anthropogenic inputs of metals into the sediments of Guanabara Bay over time, particularly the past 50 years of rapid economic development.
Besides the huge environmental pollution in Guanabara Bay, the studied area is one of the main protected area in this bay, with the lower heavy metal concentrations (Baptista Neto et al. 2006) . However, the catchment of the rivers that flows to this region will receive a huge petrochemical complex, already under construction, which will increase the amount of heavy metal and sediments to the studied area, making this baseline data extremely important, concerning the future of this area.
In the last 100 years the catchment area around Guanabara Bay has been strongly modified by human activities, in particular deforestation and uncontrolled settlement, which have generally increased river discharges and sediment loads flowing into the bay. Consequently the average rates of sedimentation are thought to have increased to 1-2 cm.year -1 (Godoy et al. 1998) , although this
figure has yet to be substantiated. west to east and 30 km from south to north and is constrained by a narrow entrance that is only 1.6 km wide (Kjerfve et al. 1997) . The bay has a complex bathymetry with a marked central channel that is some 400 m wide, stretches more than 5 km into the bay from the mouth, and is defined by the 30 m isobath. The deepest point of the bay measures 58 m and is located within this channel (Kjerfve et al. 1997) . According to the same authors, north of the Rio de Janeiro-Niterói bridge, the channel loses its characteristics as the bay rapidly becomes shallower, with an average depth of 5.7 m, due in the main to high rates of sedimentation that have accelerated over the last century in response to human activity in the catchment area. The climate is humid subtropical with a mean annual temperature between FLUX OF HEAVY METAL TO GUANABARA BAY/RJ 20°C to 25°C and an annual rainfall of 2,500 mm at higher altitudes and 1,500 mm at lower altitudes between December and April. (Nimer 1989) . Guanabara Bay is one of the most prominent coastal bays in Brazil. The bay is in reality an estuary of 91 rivers and channels, surrounded by the cities of Rio de Janeiro, Duque de Caxias, São Gonçalo, Niterói and many other small cities and villages. The rapid urbanization and industrialization in the Guanabara Bay region since the 1950s has resulted in growing pressure on the local environment (Amador 1997) . This has lead to increased contamination of the bay from the combined inputs of the numerous rivers containing untreated sewage effluent, industrial discharges, urban and agricultural runoff, atmospheric fallout, all of which has had a significant impact on the aquatic environment , Baptista Neto et al. 2006 , Carreira et al. 2002 , 2005 . The bay also hosts two airports, holds one of the country's main naval bases and is crossed by a 12 km long bridge used by thousands of cars daily. Previous studies of heavy metal pollution in Guanabara Bay have pointed out that the bay is one of the most polluted ecosystems in Brazil , Vandenberg and Rebello 1986 , Leal and Rebello 1993 , Barrocas and Wasserman 1993 , Faria and Sanchez 2001 , Machado et al. 2002 , Carreira et al. 2002 , Kehrig et al. 2003 , Vilela et al. 2004 . Included amongst these assessments are a number of studies that have examined the spatial distribution of heavy metals and organic contaminants in recent sediments of Guanabara Bay , Vandenberg and Rebello 1986 , Leal and Rebello 1993 , Barrocas and Wasserman 1993 .
MATERIALS AND METHODS
This study examines a sediment core 7 cm in diameter and 180 cm deep collected in the north of Guanabara Bay close to a mangrove system and a protected environmental area in approximately onemeter of water. After drying at air temperature, the core was split longitudinally and described. One half was sampled by collecting slices at 2 cm intervals down to a depth of 40 cm for 210 Pb analyses that employed gamma-ray spectrometry. The other half was sampled in a similar manner along the complete length of the core for particle size, organic carbon and elemental analyses. The sediment core was collected closer to an environmental protected area (APA) of Guapimirim, in order to avoid the most polluted and disturbed area of Guanabara Bay. This area was chose after an analyze of a seismic profile to certify that the area was not disturbed by anthropogenic activity.
Particle size analysis was carried out using a Malvern Mastersizer Microplus, MAF 5001. The water content and porosity of the core were measured based in the methodology proposed by Durham and Joshi (1980) . Gamma-ray measurements were made using a semi-planar intrinsic germanium high purity coaxial detector with 40% efficiency. This was housed in a lead shield and coupled to a multichannel analyzer. Activity was calculated according to wellestablished methods (Patchineelam and Smoak 1999) . The sedimentation rate was calculated by dividing the 210 Pb decay constant by the slope of the log-linear plot of unsupported 210 Pb versus depth (Appleby and Oldfield 1992) . Total organic carbon was determined using a CS infrared analyser model Eltra Metalyt 1000CS. Sub-samples for chemical analysis were oven dried between 30-35°C since extractable metals were examined and passed through a 2 mm diameter nylon mesh sieve (Hesse 1971). The < 63 µm fraction was collected by further sieving a representative portion of the < 2 mm fraction through a nylon mesh. This size fraction was analysed as it is relatively undiluted by coarser sizes and allows a more accurate prediction of the threat to an ecosystem by heavy metals (Forstner and Whittmann 1983) . Samples were digested in aqua regia under pressure using a Perkin Elmer microwave digestion system (USEPA 3051a). Sample blanks and a reference sediment WQB-1 from the National Laboratory for Environmental Testing, Burlington, Canada, was also analysed at regular intervals to monitor quality control. Sample extracts were filtered through Whatman No. 40 filter papers into acid washed high-density polyethylene (HDPE) containers and diluted to a volume of 25 mL in deionised water. Analytical standards were prepared by diluting a 1,000 mg.L -1 BDH stock solution that is traceable to the NIST Certified Reference Institute. Elemental analysis (Pb, Zn, Ni, Cr, Cu, Mn, Fe) was carried out using a Perkin Elmer Analyst 200 atomic absorption spectrophotometer. Sedimentation, compaction and the rate of accumulation of elements within the sediment per unit of area are constant and the rate of time is given by the formula 
RESULTS AND DISCUSSION
Pollution is a negative outcome of rapid development and industrialization. Marine bays adjacent to metropolitan areas are strongly polluted by domestic, industrial and other sources of waste and anthropogenic impacts have seriously influenced the whole marine ecosystem. Heavy metals are produced from a variety of natural and anthropogenic sources, for example, metal pollution can result from direct atmospheric deposition, geologic weathering or through the discharge of agricultural, municipal, residential or industrial waste products (Demirak et al. 2006) .
Heavy metal analysis in estuarine sediment cores has become popular in the study of environmental change over the past 40 years (Audry et al. 2004 , Cochran et al. 1998 ). According to Farmer et al. (1996) and Ip et al. (2004) the increase in metal concentrations within sediment cores is considered as being due to temporal variations in atmospheric deposition, catchment runoff, effluent inflow and dumping of waste from various human activities. In the absence of long-term monitoring data, the sedimentary record can be used to provide retrospective information on the past characteristics of a coastal environment.
Heavy metals and other pollutants are adsorbed onto fine particle surfaces of sediments since they have a very high specific surface area, therefore scavenging by suspended particulate matter and subsequent sedimentation creates a repository that provides valuable historical information on the temporal trend of input from pollutants into aquatic ecosystems (Goldberg et al. 1977) . If there is a valid accumulation rate these records can provide specific data about rates of sediment accumulation and the anthropogenic flux of pollutants (Axelsson and ElDaoushy 1989). According to Sanchez-Cabeza and Druffel (2009), under certain conditions, sediments provide a reliable record of pollution levels and an indication of the state of an ecosystem. For this to be possible, however, an accurate chronology such as that provided by linked 210 Pb dating is essential. The percentage of fine sediment increased from a depth of 80 cm to the top of the core and varied between 50% to 90% throughout (Figure 2 ). Since the porosity of the core was fairly constant throughout, a correction for compaction was not required. The sedimentation rate calculated for the analyzed core through the CIC model was 0.67 cm.year -1 . This value is within the same range as that calculated in the first 40 cm of a core taken from the same area of Guanabara Bay using a CRS model which measuring 210 Bi decay (Godoy et al. 1998) (Figure 3 Bay is now considered as one of the most polluted and impacted bays along the Brazilian Coastline. The increase in fine sediments from a depth of 80 cm to the top of the core (Figure 2 ), corresponds to a 210 Pb dating of 54 years ago and a sedimentation rate around 0.67 cm.year -1 . According to Pagliosa et al. (2006) an industrial expansion in Brazil in the mid-1950s promoted rapid urban growth that took place mainly around coastal areas. Urban sprawl has caused changes in the physical, chemical and biological characteristics of estuarine systems (Ridgway and Shimmield 2002) . Increase in the amount of sediment entering Guanabara Bay is not only due to an increase in catchment erosion, but also to littoral modifications that is a direct result of land reclamation (Amador 1997).
Organic carbon flux was calculated by using a value of 2.5 g.cm (Table I) . Carreira (2000) found a similar pattern for organic carbon flux in recent sediments from . Results show that most of the metals increase from the bottom to the top of the core, i.e. from the past to the present. Lead, Cu and Zn show fluctuating concentrations with an increasing pattern, where subsurface sediments record the highest values. A decrease in their concentrations occurs at the top of the core implying that the flux of these metals have progressively increased with time, but have reduced in concentration over recent years due to the more stringent rules that have been applied in an attempt to reduce toxic air emissions.
Significant increases in heavy metals in the upper part of the core, after the 1950's, correspond to urbanization and industrialization processes during this period. Heavy metal accumulations prior to 1950 ( Figure 5 ) may be linked to the deforestation that occurred in the area during this period. Lead, Zn, Cr, Ni and Cu concentrations in the core profile are presented in Figure 5 . The highest concentrations were observed in the upper part of the core 1997, in the modern time, which correspond the increased amount of the sewage input in the bay (Table II) . The increases in Zn, Cu and Pb concentrations in the surface sediments of Guanabara Bay have been reported in previous studies , Vandenberg and Rebello 1986 , Leal and Rebello 1993 , Faria and Sanches 2001 , Machado et al. 2002 . In the present study, however, it is interesting to note that increases in the concentrations of Pb, Cu, Cr, Ni and Zn in this core all appear before the recent period (from the 1950s). These accumulations could be attributed to increased inputs from natural erosion derived from the rapid deforestation carried out in this area during the colonial period followed by the rapid industrial development and urbanisation in the last few decades, mainly from 1959. These accumulations in Pb, Cu, Cr, Ni and Zn concentrations after the 1950s correspond to the increase in urban activities that occurred over this period of time. Point-source inputs of these elements to aquatic environments include industrial effluents, municipal wastewaters, emissions from smelting operations and fossil fuel combustion. Today much of the anthropogenic Zn is derived from fossil fuel combustion (Nriagu and Davidson 1980) and automobile tire wear (Callender and Rice 2000) . Copper originates from smelters, fossil fuel uses, industrial discharges, agriculture, mining and wastewaters, and mainly by untreated sewage (Valette-Silver 1992) . Pb content increased in recent layers is due probably as consequence of the gas emission from vehicles that employed gasoline containing anti-knock based in lead, during several years. The bridge over the bay favours its subsequent transfer to the bay's water, and the increased concentrations of Ni and Cr are also related with the polluted wastes dumped by the industrial and urban activities in the zone. Analysis of this sediment core from Guanabara Bay reflects a trend of increasing metal concentrations, that started in the 1950s (Baptista Neto et al. 1999 ). The concentration of heavy metals shows a constant increased over the last 50 years, with the highest levels in the top layer of the core. This time period is related to an increase of urbanization (post-1950) and deforestation (pre-1950) in the catchment area. The same pattern was also observed for the organic carbon flux, which could indicate the recent impact of the untreated sewage dumping into the bay.
Guanabara Bay is a very heterogeneous environment, therefore, more sediment cores should be taken from various other regions within the bay in order to understand the flux of heavy metal into this water body. The studied area was always considered as a nonimpacted area of the bay, been considered a "clean" zone inside the bay. However, these preliminary results highlight the extent of the environmental degradation experienced in Guanabara Bay as a whole in the last few decades. These results also correlated with data from other research that have also considered Guanabara Bay to be one of the most impacted coastal environments in Brazil.
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RESUMO
A Baía de Guanabara, localizada no estado do Rio de Janeiro, é cercada pela segunda mais importante área metropolitana do país. Nas últimas décadas, a urbanização e outros processos na área circundante têm aumentado significativamente a entrada de sedimentos para a baía, tendo um efeito negativo sobre todo o meio ambiente.
Estes impactos negativos estão relacionados com grandes volumes de esgoto sem tratamento e efluentes industriais.
O presente estudo avalia a história deste impacto humano através do exame detalhado de um testemunho coletado na porção norte da Baía de Guanabara. A geocronologia é estabelecida usando 
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